T he biennial Tang Prize was established by Taiwan entrepreneur Dr. Samuel Yin in December 2012, and is committed to encourage inquiring minds to explore new perspectives and insights that help to make the world a better place. The Tang Prize is awarded to encourage individuals across the globe to chart the middle path for achieving sustainable development in the four major fields of Sustainable Development, Biopharmaceutical Science, Sinology, and the Rule of Law. The Tang Prize provides each a cash reward of NT$40 million, and the research projects proposed by the laureates will also receive a grant of up to NT$10 million.
The first Tang Prize in Biopharmaceutical Science has been awarded to Prof. James P. Allison and Prof. Tasuku Honjo for the discovery of cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein 1 (PD-1) as immune inhibitory molecules, [1, 2] which led to their applications in cancer immunotherapy. [2] [3] [4] In fact, researches on these two immune inhibitory molecules have also demonstrated that CTLA-4 and PD-1 are the therapeutic targets for allergy, autoimmune and infectious diseases. [2] It indicates that the discovery of CTLA-4 and PD-1 has ushered in a new era for the development of targeting therapy. The first Tang Prize for Biopharmaceutical Science has been awarded to Prof. James P. Allison and Prof. Tasuku Honjo for their contributions leading to an entirely new way to treat cancer by blocking the molecules cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein 1 (PD-1) that turn off immune response. The treatment, called "immune checkpoint blockade therapy," has opened a new therapeutic era. Here the discoveries of the immune checkpoints and how they contribute to the maintenance of self-tolerance, as well as how to protect tissues from the excess immune responses causing damage are reviewed. The efforts made by Prof. Allison and Prof. Honjo for developing the most promising approaches to activate therapeutic antitumor immunity are also summarized. Since these certain immune checkpoint pathways appear to be one of the major mechanisms resulting in immune escape of tumors, the presence of anti-CTLA-4 and/or anti-PD-1 should contribute to removal of the inhibition signals for T cell activation. SubseOur immune system evolved to protect us against the attack of foreign microorganisms. One of the key attributes is how the T cells activate and distinguish "self" from "non-self" molecules. Such a critical process involves presentation of antigens to T cells by antigen presenting cells (APC) and is highly regulated by molecules on T cells and APC. [5] The presence of these molecules, called immune checkpoints, is not only a trigger to sufficient immune response but also to inhibit the stimulation to ensure the inductive immune response is not excessive. In fact, the immune checkpoints, usually referred to as the molecules of inhibitory pathways in the immune system, are crucial for maintaining self-tolerance and modulating the physiological immune responses in the periphery, in order to avoid or minimize the tissue damage from the excess reactions. The first identified immune checkpoints to have such function are the "CD28 receptor family," which are present on T cells and serve as co-stimulatory signal receptors for T cell activation. [6, 7] It includes co-receptors transmitting stimulatory signals (e.g. CD28) [6, 7] and co-receptors transmitting inhibitory signals (e.g. CTLA-4). [6, 7] The counterpart (ligand) for CD28 is the "B7 family," containing B7-1 (CD80) and B7-2 (CD86), which are usually present on APC. [8, 9] B7-1/ B7-2 not only binds to CD28, which is usually expressed on mature T cells, but also binds to CTLA-4, expressed in low copy number by T cells only after activation. As mentioned earlier, CD28 appears to be the stimulatory receptor and delivers signals for T cell activation and survival, while CTLA-4 is the inhibitory receptor and inhibits T cell responses and regulates peripheral T cell tolerance. [6, 7] Since the independent binding of CD28 and CTLA-4 with B7-1/B7-2 causes B7-1/B7-2 to play a dual role, [8, 9] so the B7-1/B7-2:CD28/CTLA-4 pathway is crucial for T cell activation.
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Prof. Allison, the chairman of the University of Texas MD Anderson Cancer Center, is one of the two scientists to identify CTLA-4 as an inhibitory receptor on T cells in 1995 [6, 7] and was the first to recognize it as a potential target for cancer therapy. [6, 7] In 1992, Allison demonstrated the importance of CD28-mediated signaling to activate T cells and prevent T cell anergy. [10] He showed that CD28 is a receptor for co-stimulatory signals and is required for optimal induction of T cells. Next, he established the studies and focused on the interaction with B7/CD28/CTLA-4, and suggested that T cell antigen receptor stimulation is regulated by CD28 and inhibited by CTLA-4 that suppresses T cell proliferation and interleukin-2 (IL-2) production. [1] Accordingly, he and his team developed the blockade of CTLA-4 immunotherapy and obtained many encouraging results. [6, 7] They used the anti-CTLA-4 and granulocyte/ macrophage colony-stimulating factor (GM-CSF) producing vaccines for murine melanoma B16, and 80% of the established tumors could be eradicated. [11] They proved that the CTLA-4 blockade could enhance T cell activation and memory against a highly tumorigenic and poorly immunogenic murine tumor. Although tumor challenge increased the frequency of Tregs, the anti-CTLA-4 induced T-effector activation and infiltration. Therefore, it appears that the blockade of CTLA-4 changed the balance of Tregs and Teffs and such subsequently resulted in tumor rejection. [12, 13] This subsequently led to development of a monoclonal antibody drug, which has undergone clinical trials against stage 4 melanoma and was approved for treatment of melanoma by the US FDA in 2011. [14] In fact, during developing the anti-CTLA-4 therapy, they noted that the surviving mice developed depigmentation in the subcutaneous and metastatic melanoma models indicating that autoimmunity was concurrently induced. [11] However, even with the side effect of treatment, the anti-CT-LA-4 is still considered as a powerful therapy accompany with the acceptable autoimmunity risk. Indeed, there were clinical Phase 3 studies using the anti-CTLA-4, like the one with ipilimumab (Yervoy) in patients with metastatic melanoma. [15] [16] [17] [18] In the trials, the anti-CTLA-4 therapy has extinguished untreatable late-stage melanoma in 22% of patients in clinical trials for 3 years or longer. Although some immune-mediated side effects were noted, most of them were of low grade and reversible with early diagnosis and appropriate management. Nonetheless, 10-17% of patients had shown high-grade or higher severity of immune-related side effects with 2-3% of these events resulting in death. [19, 20] Similar to B7-1/B7-2:CD28/CTLA-4 pathway, PD-L1/ PD-L2: PD-1 pathway also plays a critical role in regulating T cell activation and tolerance. Dr. Honjo, a professor at Kyoto University's Department of Immunology and Genomic Medicine, discovered the PD-1 in 1992. [21] PD-1 is expressed on activated T cells and up-regulated following T cell reaceptor (TCR)-mediated activation. [2] Dr. Honjo and his group demonstrated that PD-1 is the member of the immunoglobulin gene superfamily and contains an immune receptor tyrosine-based inhibitory motif. [21] The inhibitory function of PD-1 is induced and involved in the classical type of programmed cell death and in the maintenance of self-tolerance by interaction with the specific ligands (PD-L1 and PD-L2) that serves as a negative regulator of immune responses. [21, 22] Like CTLA-4, very low levels of PD-1 are sufficient for inhibition of the earliest stages of T cell activation. [23] PD-1 and PD-L1 are increased in tumor microenvironment and inhibit cytokine production to suppress immune responses. [24] PD-1/PD-L can serve as a potent mechanism for potentially immunogenic tumors to escape from host immune responses. Generally, our immune system is able to recognize cancer cells and attack them in a process called "immune surveillance." However, during tumor development, cancer cells are equipped with machineries Ya-Shan Chen and Chia-Rui Shen: The 2014 Tang prize in biopharmaceutical science to evade the host antitumor activity, which is described as "immune escape." For example, cancer cells can also express B7 family ligands on their surfaces and, by engaging the co-receptors transmitting inhibitory signals on T cells, they can inhibit the host antitumor T cell activity. [4, 25, 26] Dr. Honjo and his team used the blockade of PD-1 in tumor immunotherapy. [4, 27] They demonstrated that the anti-PD-L1 antibody significantly inhibited the growth of myeloma cells in mice and the phenomenon could be confirmed in the PD-1-deficient mice.
[4] The PD-1 blockade also can be used in the poorly immunogenic B16 melanoma which originally does not express PD-L1. The PD-1 blockade inhibited tumor growth by enhancing recruitment of effector T cells at tumor sites and prolonged T cell proliferation and cytokine production. [27] The blockade of interaction between PD-1 and its ligands provides an effective strategy for specific tumor immunity.
Antibodies against PD-1 have been approved by the US FDA as an investigational new drug and have been developed for the treatment of cancer. Nivolumab is one of the PD-1 antibodies used in the Phase 1 trials which showed that Nivolumab prolonged overall survival, tumor regression, and disease stabilization. The adverse events were mild in most patients. Severe colitis was noted in some patients, but it was infrequent. [28] [29] [30] PD-1 blockade is applicable beyond immunogenic tumor types, such as melanoma and renal cell cancer, metastatic non-small-cell lung cancer, a tumor type that has not been considered to be responsive to immunotherapy. Phase 2 trials are ongoing, and Phase 3 studies of anti-PD-1 antibody for the treatment of non-small-cell lung cancer, melanoma, and renal-cell cancer are being planned. [28, 29, 31] The cancer cells could be recognized by the immune system and the immune system may control or even eliminate tumor cells in some situations. The potential of T cells to amplify antitumor immune responses and destroy tumors has long been recognized. [32] But tumors can enhance immune inhibitory receptors and reduce the immune responses to avoid immune surveillance. [33] Moreover, the immune system can suppress viral infections to protect the host from virus-induced tumors, and also can eliminate the pathogens and promote the prevention of inflammatory environment that could cause tumor development. [34] However, tumor cells can develop various strategies to escape immune surveillance, such as absence of specific tumor antigen, the weak expression of MHC molecules, and recruitment of immune suppressor molecules. [33] Accumulating data suggest that CTLA-4 and PD-1 can raise the threshold of signals needed for effective T cell proliferation that cause the down-regulation of T cell response and blockade of this inhibition could enhance the T cell responses. [11, 12, 27, 35] It indicates that CTLA-4 limits the initiation of T cell activation and clonal expansion, whereas PD-1 contributes to inhibit T cell function in peripheral tissues [ Figure 1] . Thus, the antitumor activity of combined blockade of PD-1 and CTLA-4 could be more effective, rapid, and produce deeper clinical tumor responses than the blockade of either of them alone. [30, 36, 37] Therefore, enhancing the T cell response by blocking the inhibitory receptor can be an effective antitumor therapy.
In conclusion, Dr. Allison and Dr. Honjo lead their teams to develop an antibody of these two inhibitory molecules that is used in cancer immunotherapy. The blockade of CTLA-4 and PD-1 shows encouraging antitumor response and manageable adverse events. These results offer new hope for cancer patients. 
